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(54) Method and apparatus for recording and reproducing packet data 



(57) Audio packets are separated from an input 
stream of packets including audio packets and video 
packets. The audio packets relate to audio information. 
The video packets relate to video information. The video 
packets are separated from the input stream of packets. 
The separated audio packets are recorded on first 
tracks among an array of tracks on a recording medium. 
The first tracks are spaced by equal intervals corre- 



sponding to a given number of tracks. The separated 
video packets are recorded on second tracks among the 
array of tracks on the recording medium. The second 
tracks differ from the first tracks. The first tracks are 
scanned, and the audio packets are reproduced from 
the first tracks during high-speed playback. An output 
stream of packets is generated in response to the repro- 
duced audio packets during the high-speed playback. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a method of recording and 
reproducing packet data. This invention also relates to 
an apparatus for recording and reproducing packet da- 
ta. 

Description of the Related Art 

Some digital transmission systems such as a digital 
television broadcasting system send a stream of pack- 
ets of digital data. Such digital data will be also referred 
to as packet data hereafter. 

It is known to record and reproduce packet data on 
and from a recording medium. A known recording and 
reproducing system receives a packet data stream com- 
posed of a mixture of video packets related to a video 
signal and audio packets related to an audio signal. The 
known system records the video packets and the audio 
packets on a recording medium in a sequence equal to 
the sequence of the reception of the packets. The known 
system reproduces the video packets and the audio 
packets from the recording medium in a sequence equal 
to the sequence of the reception of the packets. 

An example of the known recording and reproduc- 
ing system is a helical-scan VTR (video tape recorder). 
During a high-speed playback mode (a search mode) of 
operation of the helical-scan VTR, video information is 
partially recovered from recorded video packets. In this 
case : it is not intended that audio information should be 
reproduced. 

SUMMARY OF THE INVENTION 

It is a first object of this invention to provide an im- 
proved method of recording and reproducing packet da- 
ta. 

It is a second object of this invention to provide an 
improved apparatus for recording and reproducing 
packet data. 

A first aspect of this invention provides a method 
comprising the steps of separating audio packets from 
an input stream of packets including audio packets and 
video packets, the audio packets relating to audio infor- 
mation, the video packets relating to video information; 
separating the video packets from the input stream of 
packets; recording the separated audio packets on first 
tracks among an array of tracks on a recording medium, 
the first tracks being spaced by equal intervals corre- 
sponding to a given number of tracks; recording the sep- 
arated video packets on second tracks among the array 
of tracks on the recording medium, the second tracks 
differing from the first tracks; scanning the first tracks 
and reproducing the audio packets from the first tracks 



during high-speed playback; and generating an output 
stream of packets in response to the reproduced audio 
packets during the high-speed playback. 

A second aspect of this invention provides a method 
s comprising the steps of separating audio packets from 
an input stream of packets including audio packets and 
video packets, the audio packets relating to audio infor- 
mation, the video packets relating to video information; 
recording the separated audio packets oa- first areas of 
10 a recording medium; recording the input stream of pack- 
ets including the audio packets and the video packets 
on second areas of the recording medium, the second 
areas alternating with the first areas; scanning the sec- 
ond areas and reproducing the audio packets and the. 
is video packets from the second areas during normal- 
speed playback; generating an output stream of packets 
in response to the audio packets and the video packets 
reproduced from the second areas during the normal- 
speed playback; scanning the first areas and reproduc- 
20 ing the audio packets from the first areas during high- 
speed playback; and generating an output stream of 
packets in response to the audio packets reproduced 
from the first areas during the high-speed playback. 
A third aspect of this invention is based on the sec- 
2B ond aspect thereof, and provides a method wherein the 
audio packets recorded on the first areas include audio 
data resulting from thinning out original audio data at a 
rate depending on a reproduction speed provided by the 
high-speed playback. 
30 A fourth aspect of this invention is based on the sec- 
ond aspect thereof, and provides a method wherein the 
audio packets recorded on the first areas include audio 
data resulting from decoding original audio packets into 
decoding- resultant audio packets and then encoding 
35 the decoding-resultant audio packets into a version suit- 
ed for the high-speed playback. 

A fifth aspect of this invention is based on the first 
aspect thereof, and provides a method wherein the out- 
put-stream generating step comprises thinning out the 
40 reproduced audio packets into thinning-resultant audio 
packets at a rate depending on a reproduction speed 
provided by the high-speed playback; and generating 
the output stream of packets in response to the thinning- 
resultant audio packets during the high-speed playback. 
45 a sixth aspect of this invention provides a recording 
and reproducing apparatus comprising first means for 
separating audio packets from an input stream of pack- 
ets including audio packets and video packets, the audio 
packets relating to audio information, the video packets 
so relating to video information; second means for sepa- 
rating the video packets from the input stream of pack- 
ets; third means for recording the audio packets sepa- 
rated by the first means on first tracks among an array 
of tracks on a recording medium, the first tracks being 
55 separated by equal intervals corresponding to a given 
number of tracks; fourth means for recording the video 
packets separated by the second means on second 
tracks among the array of tracks on the recording me- 
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dium, the second tracks differing from the first tracks; 
fifth means for scanning the first tracks and reproducing 
the audio packets from the first tracks du ring high-speed 
playback; and sixth means for generating an output 
stream of packets in response to the audio packets re- s 
produced by the fifth means during the high-speed play- 
back. 

A seventh aspect of this invention provides a re- 
cording and reproducing apparatus comprising first 
means for separating audio packets from an input 
stream of packets including audio packets and video 
packets, the audio packets relating to audio information, 
the video packets relating to video information; second 
means for recording the audio packets separated by the 
first means on first areas of a recording medium; third 
means for recording the input stream of packets includ- 
ing the audio packets and the video packets on second 
areas of the recording medium, the second areas alter- 
nating with the first areas; fourth means for scanning the 
second areas and reproducing the audio packets and 
the video packets from the second areas during normal- 
speed playback; fifth means for generating an output 
stream of packets in response to the audio packets and 
the video packets reproduced from the second areas by 
the fourth means during the normal-speed playback; 
sixth means for scann ing the first areas and reproducing 
the audio packets from the first areas during high-speed 
playback; and seventh means for generating an output 
stream of packets in response to the audio packets re- 
produced from the first areas by the sixth means during 
the high-speed playback. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a recording side of a 
digital-signal recording and reproducing system accord- 
ing to a first embodiment of this invention. 

Fig. 2 is a diagram of an example of an input stream 
of packets. 

Fig. 3 is a diagram of an example of recorded pack- 
ets and tracks on a recording medium in the first em- 
bodiment of this invention. 

Fig. 4 is a diagram of the relation among a unit for 
an outer code signal, tracks, and sync blocks in the first 
embodiment ot this invention. 

Fig. 5 is a diagram of one sync block. 

Fig. 6 is a diagram of two successive sync blocks. 

Fig. 7 is a block diagram of a reproducing side of 
the digital-signal recording and reproducing system ac- 
cording to the first embodiment of this invention. 

Fig. 8 is a diagram of tracks on a recording medium 
and trajectories of heads which occur during high-speed 
playback in the first embodiment of this invention. 

Fig. 9 is a block diagram of a recording side of a 
digital-signal recording and reproducing system accord- 
ing to a second embodiment of this invention. 

Fig. 10 is a diagram of an example of recorded 
packets and tracks on a recording medium in the second 



embodiment of this invention. 

Fig. 1 1 is a block diagram of a reproducing side of 
the digital-signal recording and reproducing system ac- 
cording to the second embodiment of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

Fig. 1 shows a recording side of a digital-signal re- 
cording and reproducing system according to a first em- 
bodiment of this invention. The recording side in Fig. 1 
handles an MPEG2 transport stream of packets of data 
which include packets of different types such as video 
packets related to a video signal, audio packets related 
to an audio signal, and system packets related to system 
information. Here, MPEG2 is short for "Moving Picture 
Image Coding Experts Group Phase 2". 

With reference to Fig. 1 , an input MPEG2 transport 
stream is applied to an MPEG system decoder 1 and a 
timing detection circuit 2. A header of each packet in the 
input MPEG2 transport stream contains packet-type in- 
formation representing which of a video packet, an au- 
dio packet, and a system packet the present packet 
agrees with. The MPEG system decoder 1 detects 
which of a video packet, an audio packet, and a system 
packet each packet in the input MPEG2 transport 
stream agrees with by referring to packet-type informa- 
tion in the header thereof. The MPEG system decoder 
1 separates packets in the input MPEG2 transport 
stream into video packets, audio packets, and system 
packets according to results of the detection responsive 
to the packet -type information. The MPEG system de- 
coder 1 feeds the video packets and the system packets 
to a buffer (a memory) 4 for video/system, and stores 
the video packets and the system packets thereinto. The 
MPEG system decoder 1 feeds the audio packets and 
the system packets to a buffer (a memory) 5 for audio/ 
system, and stores the audio packets and the system 
packets thereinto. 

As understood from the above explanation, the sys- 
tem packets are stored into both the video/system buffer 
4 and the audio/system buffer 5. Thus, the system pack- 
ets are doubled by cooperation among the MPEG sys- 
tem decoder 1 , the video/system buffer 4, and the audio/ 
system buffer 5. 

The MPEG system decoder 1 extracts packet-type 
information from the header of each packet in the input 
MPEG2 transport stream, and feeds the extracted pack- 
et-type information to the timing detection circuit 2 and 
a control circuit 3. 

The timing detection circuit 2 detects information of 
reference time from the header of each packet in the 
input MPEG 2 transport stream in response to the pack- 
et-type information. The timing detection circuit 2 in- 
cludes a local clock generator outputttng a clock signal 
having a predetermined frequency of, for example. 
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about 27 MHz. The timing detection circuit 2 also in- 
cludes a counter which serves as a local clock respon- 
sive to the clock signal. The output signal of the counter 
indicates local time which is locked to the reference time 
by, for example, a PLL circuit. The local time represent- 
ed by the output signal of the counter is used as a time 
stamp indicating the moment of the arrival of each pack- 
et. Information of the time stamp is selectively outputted 
from the timing detection circuit 2. 

The control circuit 3 includes, for example, a micro- 
computer or a similar device programmed to implement 
processes indicated later. The control circuit 3 gener- 
ates a time-stamp read control signal in response to the 
packet-type information. The control circuit 3 outputs the 
time-stamp read control signal to the timing detection 
circuit 2. Time stamp information is outputted from the 
the timing detection circuit 2 in response to the time- 
stamp read control signal. The control circuit 3 gener- 
ates a pair of a first write control signal and a first read 
control signal, and a pair of a second write control signal 
and a second read control signal in response to the 
packet-type information. The control circuit 3 outputs the 
pair of the first write control signal and the first read con- 
trol signal to the video/system buffer 4. The control cir- 
cuit 3 outputs the pair of the second write control signal 
and the second read control signal to the audio/system 
buffer 5. 

The writing of video packets and system packets 
into the video/system buffer 4 is controlled by the first 
write control signal. The video packets and the system 
packets are read out from the video/system buffer 4 in 
response to the first read control signal. The writing of 
audio packets and system packets into the audio/sys- 
tem buffer 5 is controlled by the second write control sig- 
nal. The audio packets and the system packets are read 
out from the audio/system buffer 5 in response to the 
second read control signal. 

The recording side in Fig. 1 forms an array of tracks 
on a recording medium 10 while recording information 
thereon. The writing and reading of packets into and 
from the video/system buffer 4, and the writing and read- 
ing of packets into and from the audio/system buffer 5 
are designed so that a group of audio packets will be 
recorded on each of specified tracks (audio/system 
tracks) spaced at equal track intervals, and video pack- 
ets will be recorded on other tracks (video/system 
tracks). In addition, system packets will be recorded on 
the specified tracks (the audio/system tracks) and also 
some of the other tracks (the video/system tracks). 

The control circuit 3 generates dummy-packet trig- 
ger pulses in response to the packet-type information. 
The control circuit 3 outputs the trigger pulses to a dum- 
my packet generator 80. The dummy packet generator 
80 produces and outputs a packet of predetermined 
dummy data, that is, a dummy packet devoid of effective 
information, in response to each trigger pulse fed from 
the control circuit 3. The dummy packet may have pre- 
determined information 



Video packets and system packets read out from 
the video/system buffer 4 are fed to an adding circuit 6. 
Audio packets and system packets read out from the 
audio/system buffer 5 are fed to the adding circuit 6. 
5 Time stamp information outputted from the timing detec- 
tion circuit 2 is fed to the adding circuit 6. Dummy pack- 
ets outputted from the dummy packet generator 80 are 
fed to the adding circuit 6. Video packets, audio packets, 
system packets, and dummy packets are fed to tee add- 
io ing circuit 6 one by one on a time division basis which 
corresponds to a sequence determined by given rules. 

It is now assumed that as shown in Fig. 2, the input 
MPEG2 transport stream hasa sequence of packets S1 , 
A1, V1, V2, V3, A2 : where "S", "A", and "V 8 denote 
15 a system packet, an audio packet, and a video packet 
respectively. In addition, numerals following "S", "A", 
and "V" indicate order numbers (arrival order numbers) 
of the corresponding packets. In this case, packets are 
rearranged from the original sequence by the operation 
20 of the MPEG system decoder 1 , the video/system buffer 
4, and the audio/system buffer 5, and are then recorded 
on recording-medium tracks "0", "1°, "2", — in the rear- 
rangement resultant sequence as shown in Fig. 3. In 
Fig. 3, "D n denotes a dummy packet. 
2S As shown in Fig. 3, preselected places or all places 
of every track are occupied by 4 recorded packets. In 
Fig. 3, tracks are separated into groups each having 6 
successive tracks. Accordingly, the track groups have a 
period of 6 tracks. In each track group, 5 former tracks 
30 hold video packets and a system packet while a last 
track holds audio packets and a system packet. Thus, 
audio packets are recorded on specified tracks (audio/ 
system tracks) spaced by equal intervals of 5 tracks 
while video packets are recorded on other tracks (video/ 
35 system tracks) between the specified tracks. 

As understood from Figs. 2 and 3, video packets 
inputted during every 6-track scanning period are re- 
corded on video/system tracks in a sequence which 
agrees with a packet arrival sequence. Also, audio 
40 tracks inputted during every 6-track scanning period are 
recorded on an audio/system track in a sequence which 
agrees with a packet arrival sequence. A system packet 
inputted during every 6-track scanning period is record- 
ed on a video/system track and also an audio/system 
45 track. In each track group, places of video/system tracks 
are sequentially loaded with a system packet and video 
packets. The control circuit 3 detects a final packet 
among the system packet and the video packets in each 
track group by counting the number of times of the re- 
50 ception of the corresponding packet-type information. 
The control circuit 3 starts to periodically output a trigger 
pulse to the dummy packet generator 80 in response to 
the detection of the final packet. Therefore, in this case, 
places of the video/system tracks, which follow a place 
55 recording the final packet among the system packet and 
the video packets, are loaded with dummy packets. In 
each track group, places of an audio/system track are 
sequentially loaded with a system packet and audio 
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packets. The control circuit 3 detects a final packet 
among the system packet and the audio packets in each 
track group by counting the number of times of the re- 
ception of the corresponding packet-type information. 
The control circuit 3 starts to periodically output a trigger 
pulse to the dummy packet generator 80 in response to 
the detection of the final packet. Therefore, in this case, 
places of the audio/system track, which follow a place 
recording the final packet among the system packet and 
the audio packets, are loaded with dummy packets. 

With reference back to Fig. 1, the adding circuit 6 
adds the time stamp information to the header of each 
of the video packets, the audio packets, and the system 
packets. The time-stamp-added video, audio, and sys- 
tem packets, and also the dummy packets are outputted 
from the adding circuit 6 to an outer-code generating cir- 
cuit 7 one by one. 

Header data and main data in successive packets 
(that is, packet data) fed to the outer-code generating 
circuit 7 are divided into data blocks also referred to as 
sync blocks. The outer-code generating circuit 7 gener- 
ates an error correction code signal (an outer code sig- 
nal) for every given number of data blocks assigned to 
one track. The outer-code generating circuit 7 adds the 
outer code signal to the packet data (the header data 
and the main data) corresponding to one track. The out- 
er-code generating circuit 7 outputs the resultant com- 
bination of the outer code signal and the packet data to 
an inner-code generating circuit 8. 

As shown in Fig. 4, the outer code signal corre- 
sponding to every 6 tracks forms one unit. In Fig. 4, SB 
denotes a sync block, that is, a data block. 

In Fig. 1 , the inner-code generating circuit 8 gener- 
ates a parity signal (an inner code signal) in response 
to every data block or every data unit of the output signal 
of the outer-code generating circuit 7. The inner-code 
generating circuit 8 outputs a combination of the packet 
data (the header data and the main data), the outer code 
signal, and the inner code signal to a signal recording 
circuit 9. 

The signal recording circuit 9 adds a sync signal and 
ID information to every data block of the output signal 
of the innercode generating circuit 8, and subjects the 
addition-resultant signal to amplification and modulation 
for record. The signal recording circuit 9 records the 
modulation-resultant signal on a recording medium 10. 

For example, the recording medium 10 is a magnet- 
ic tape. In this case, the signal recording circuit 9 in- 
cludes a rotary head assembly via which the modula- 
tion-resultant signal is recorded on the magnetic tape 
10 along slant tracks arranged in an array 

As shown in Fig. 5, one sync block corresponding 
to one data block is divided into regions 14, 15, 16, 17, 
and 18 arranged in that order. One sync block has 112 
bytes. The region 14 has 2 bytes. The region 14 is as- 
signed to a sync signal used for the recovery of the sync 
block. The region 15 has 3 bytes. The region 15 is as- 
signed to ID information, that is, address information. 



The region 16 has 3 types. The region 16 is assigned to 
header information. The region 17 has 96 bytes. The 
region 17 is assigned to effective data. The region 17 is 
referred to as the data region. The region 18 has 8 bytes. 

5 The region 18 is assigned to a parity signal (an inner 
code signal) for error correction of information repre- 
sented by the sync block. 

Each packet in the input MPEG2 transport stream 
has 188 bytes. Two successive sync blocks SB#n and 

10 SB#n+l (see Fig. 6) are assigned to one packet in the 
input MPEG2 transport stream. Specifically as shown 
in Fig. 6, the 96-byte data regbn 17 of the first sync block 
SB#n is divided into a former 4-byte area 20 and a latter 
92-byte area 21 . The former area 20 is assigned to add- 

75 ed information such as time stamp information. The lat- 
ter area 21 is assigned to data pieces in the first byte to 
the ninety-second byte of the packet. The 96-byte data 
region 17 of the second sync block SB#n+1 is used as 
a 96-byte area 22 assigned to remaining data pieces in 

20 the packet. 

Each of video packets, audio packets, system pack- 
ets, and dummy packets is assigned to two successive 
sync blocks. Video packets, audio packets, system 
packets, and dummy packets are assigned to a prede- 

25 termined number of sync blocks (for example, 306 sync 
blocks) per track on the recording medium 10. The out- 
er-code signal is assigned to a predetermined number 
of sync blocks (for example, 30 sync blocks) per track 
on the recording medium 10. As shown in Fig. 3, audio 

30 packets are recorded on specified tracks (audio/system 
tracks) spaced by equal intervals of 5 tracks. In other 
words, audio packets are recorded on specified tracks 
(audio/system tracks) which occur at a period corre- 
sponding to 6 tracks. 

35 it should be noted that in the recording side in Fig. 
1, delaying signals are implemented in a suitable way 
to provide matching in operation timing among the cir- 
cuit parts of the recording side. 

Fig. 7 shows a reproducing side of the digital-signal 

40 recording and reproducing system according to the first 
embodiment of this invention. With reference to Fig. 7, 
a signal reproducing section 31 reproduces a digital sig- 
nal from the recording medium 10. In the case where 
the recording medium 10 is a magnetic tape, the signal 

45 reproducing section 31 includes a rotary head assembly 
via which the digital signal is reproduced from slant 
tracks on the magnetic tape 1 0. 

Operation of the reproducing side in Fig. 7 can be 
changed among plural different modes including a nor- 

50 mal-speed playback mode and a high-speed playback 
mode. During the high-speed playback mode of opera- 
tion of the reproducing side in Fig. 7, the rotary head 
assembly is changed from a normal state so that as 
shown in Fig. 8, audio/system tracks "A" and video/sys- 

55 tem tracks "B" spaced by equal intervals of two tracks 
can be fully scanned by a head or heads along longitu- 
dinal directions of the tracks. In Fig. 8, the arrows denote 
the trajectories of the head or heads relative to the mag- 
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netic tape 10. This scanning is implemented by one of 
the following techniques. According to a first technique, 
the axis of rotation of a rotary drum in the rotary head 
assembly is inclined relative to a normal position. An ex- 
ample of such a technique is disclosed in Japanese pub- s 
fished unexamined patent application 8-273255. Ac- 
cording to a second technique, a head or heads in the 
rotary head assembly are vertically displaced by a pie- 
zoelectric actuator or piezoelectric actuators in re- 
sponse to an electric signal. 

During the high-speed playback mode of operation 
of the reproducing side in Fig. 7, the digital signal repro- 
duced from the recording medium 1 0 is subjected to de- 
modulation by the signal reproducing section 31 . The 
demodulation-resultant signal is outputted from the sig- 
nal reproducing section 31 to an error correction circuit 
32. Errors in the output signal of the signal reproducing 
section 31 are corrected by the error correction circuit 
32 in response to an outer code signal and an inner code 
signal in the output signal of the signal reproducing sec- 
tion 31. The error-correction-resultant signal is output- 
ted from the error correction circuit 32 to a buffer (a 
memory) 33 for audio/system, a buffer (a memory) 34 
for video/system, and a control circuit 35. 

The control circuit 35 includes, for example, a mi- 
crocomputer or a similar device programmed to imple- 
ment processes indicated later. During the high-speed 
playback mode of operation of the reproducing side in 
Fig. 7, the control circuit 35 detects header information 
and time stamp information in each packet in the output 
signal of the error correction circuit 32. The control cir- 
cuit 35 generates a pair of a first write control signal and 
a first read control signal, and a pair of a second write 
control signal and a second read control signal in re- 
sponse to the detected header information and the de- 
tected time stamp information. The control circuit 35 out- 
puts the pair of the first write control signal and the first 
read control signal to the audio/system buffer 33. The 
control circuit 35 outputs the pair of the second write 
control signal and the second read control signal to the 
video/system buffer 34. Audio packets and system 
packets in the output signal of the error correction circuit 
32 which have been reproduced from audio/system 
tracks are written into the audio/system buffer 33 in re- 
sponse to the first write control signal. The audio pack- 
ets and the system packets are read out from the audio/ 
system buffer 33 in response to the first read control sig- 
nal. The control of the audio/system buffer 33 by the 
control circuit 35 is designed so that the audio packets 
and the system packets will be read out from the audio/ 
system buffer 33 in a sequence accorded with the pack- 
et arrival sequence retrieved from the time stamp infor- 
mation. Video packets and system packets in the output 
signal of the error correction circuit 32 which have been 
reproduced from scanned video/system tracks are writ- 
ten into the video/system buffer 34 in response to the 
second write control signal. The video packets and the 
system packets are read out from the video/system buff- 



er 34 in response to the second read control signal. The 
control of the video/system buffer 34 by the control cir- 
cuit 35 is designed so that the video packets and the 
system packets will be read out from the video/system 
buffer 34 in a sequence accorded with the packet arrival 
sequence retrieved from the time stamp information. 

During the high-speed playback mode of operation 
of the reproducing side in Fig. 7, the control circuit 35 
inhibits dummy packets from being written into the au- 
dio/system buffer 33 and the video/system buffer 34. 
Furthermore, the control circuit 35 generates a selection 
control signal in response to the detected header infor- 
mation and the detected time stamp information. The 
control circuit 35 outputs the selection control signal to 
aselection circuit 36. Audio packets and system packets 
read out from the audio/system buffer 33 are fed to the 
selection circuit 36. Video packets and system packets 
read out from the video/system buffer 34 are fed to the 
selection circuit 36. The selection circuit 36 combines 
the audio packets, the system packets, and the video 
packets into an output MPEG2 transport stream of pack- 
ets in response to the selection control signal. In this 
case, the output MPEG2 transport stream is designed 
to match with high-speed playback. The output MPEG2 
transport stream is transmitted from the selection circuit 
36. 

During the normal-speed playback mode of opera- 
tion of the reproducing side in Fig. 7, slant tracks on the 
recording medium (the magnetic tape) 10 are sequen- 
tially scanned by the head or heads. The digital signal 
reproduced from the recording medium 10 is subjected 
to demodulation by the signal reproducing section 31 . 
The demodulation-resultant signal is outputted from the 
signal reproducing section 31 to the error correction cir- 
cuit 32. Errors in the output signal of the signal repro- 
ducing section 31 are corrected by the error correction 
circuit 32 in response to an outer code signal and an 
inner code signal in the output signal of the signal re- 
producing section 31 . The error-correction -resultant sig- 
nal is outputted from the error correction circuit 32 to the 
audio/system buffer 33, the video/system buffer 34, and 
the control circuit 35. 

During the normal-speed playback mode of opera- 
tion of the reproducing side in Fig. 7, the control circuit 
35 detects header information and time stamp informa- 
tion in each packet in the output signal of the error cor- 
rection circuit 32. The control circuit 35 generates a pair 
of a first write control signal and a first read control sig- 
nal, and a pair of a second write control signal and a 
second read control signal in response to the detected 
header information and the detected time stamp infor- 
mation. The control circuit 35 outputs the pair of the first 
write control signal and the first read control signal to 
the audio/system buffer 33. The control circuit 35 out- 
puts the pair of the second write control signal and the 
second read control signal to the video/system buffer 
34. Audio packets and system packets in the output sig- 
nal of the error correction circuit 32 which have been 
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reproduced from audio/system tracks are written into 
the audio/system buffer 33 in response to the first write 
control signal. The audio packets and the system pack- 
ets are read out Irom the audio/system buffer 33 in re- 
sponse to the first read control signal. The control ot the s 
audio/system buffer 33 by the control circuit 35 is de- 
signed so that the audio packets and the system packets 
will be read out from the audio/system buffer 33 in a se- 
quence accorded with the packet arrival sequence re- 
trieved from the time stamp information. Video packets 10 
and system packets in the output signal of the error cor- 
rection circuit 32 which have been reproduced from vid- 
eo/system tracks are written into the video/system buff- 
er 34 in response to the second write control signal. The 
video packets and the system packets are read out from is 
the video/system buffer 34 in response to the second 
read control signal. The control ol the video/system buff- 
er 34 by the control circuit 35 is designed so that the 
video packets and the system packets will be read out 
from the video/system buffer 34 in a sequence accorded 20 
with the packet arrival sequence retrieved from the time 
stamp information. 

During the normal-speed playback mode of opera- 
tion of the reproducing side in Fig. 7, the control circuit 
35 generates a selection control signal in response to 
the detected header information and the detected time 
stamp information. The control circuit 35 outputs the se- 
lection control signal to the selection circuit 36. Audio 
packets and system packets read out from the audio/ 
system buffer 33 are fed to the selection circuit 36. Video 
packets and system packets read out from the video/ 
system buffer 34 are fed to the selection circuit 36. The 
selection circuit 36 halves the system packets and ar- 
ranges the audio packets, the system packets, and the 
video packets in an original sequence in response to the 
selection control signal, thereby providing an output 
MPEG2 transport stream of packets. In this case, the 
output MPEG2 transport stream is designed to match 
with normal-speed playback. The output MPEG2 trans- 
port stream is transmitted from the selection circuit 36. 

It should be noted that in the reproducing side in 
Fig. 7, delaying signals are implemented in a suitable 
way to provide matching in operation timing among the 
circuit parts of the reproducing side. 

Second Embodiment 

Fig. 9 shows a recording side of a digital-signal re- 
cording and reproducing system according to a second 
embodiment of this invention. The recording side in Fig. 
9 is similar to the recording side in Fig. 1 except for de- 
sign changes indicated later. 

The recording side in Fig. 9 includes an audio/video/ 
system buffer (an audio/video/system memory) 41 in- 
stead ol the video/system buffer 4 in Fig. 1. An input 
MPEG 2 transport stream is applied to the audio/video/ 
system buffer 41 in addition to an MPEG system decod- 
er 1 and a timing detection circuit 2. All packets in the 



input MPEG2 transport stream are sequentially stored 
into the audio/video/system buffer 41 . A header of each 
packet in the input MPEG2 transport stream contains 
packet-type information representing which of a video 
packet, an audio packet, and a system packet the 
present packet agrees with. The MPEG system decoder 
1 detects which of a video packet, an audio packet, and 
a system packet each packet in the input MPEG2 trans- 
port stream agrees with by referring to packet-type in- 
formation in the header thereof. The MPEG system de- 
coder 1 extracts audio packets and system packets from 
the input MPEG2 transport stream according to results 
of the detection responsive to the packet-type informa- 
tion. The MPEG system decoder 1 feeds the audio pack- 
ets and the system packets to an audio/system buffer 
(an audio/system memory) 5, and stores the audio pack- 
ets and the system packets thereinto. 

As understood from the above explanation, the au- 
dio packets and the system packets are stored into both 
the audio/system buffer 5 and the audio/video/system 
buffer 41 . Thus, the audio packets and the system pack- 
ets are doubled by cooperation between the MPEG sys- 
tem decoder 1 and the audio/system buffer 5. 

The control circuit 3 generates a pair of a first write 
control signal and a first read control signal, and a pair 
of a second write control signal and a second read con- 
trol signal in response to the packet-type information fed 
from the MPEG system decoder 1 . The control circuit 3 
outputs the pair of the first write control signal and the 
first read control signal to the audio/video/system buffer 
41 . The control circuit 3 outputs the pair of the second 
write control signal and the second read control signal 
to the audio/system buffer 5. 

The writing of audio packets, video packets, and 
system packets into the audio/video/system buffer 41 is 
controlled by the first write control signal. The audio 
packets, the video packets, and the system packets are 
read out from the audio/video/system buffer 41 in re- 
sponse to the first read control signal. The writing of au- 
dio packets and system packets into the audio/system 
buffer 5 is controlled by the second write control signal. 
The audio packets and the system packets are read out 
from the audio/system buffer 5 in response to the sec- 
ond read control signal. 

The recording side in Fig. 9 forms an array of tracks 
on a recording medium 42 while recording information 
thereon. The writing and reading of packets into and 
from the audio/video/system buffer 41, and the writing 
and reading of packets into and from the audio/system 
buffer 5 are designed so that a group of audio packets 
and a system packet will be recorded on each of spec- 
ified tracks (audio/system tracks) spaced at equal track 
intervals, and a group of video packets, the audio pack- 
ets, and the system packet will be recorded on other 
tracks (audio/video/system tracks). 

Audio packets, video packets, and system packets 
read out from the audio/video/system buffer 41 are fed 
to an adding circuit 6. Audio packets and system pack- 
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ets read out from the audio/system buffer 5 are fed to 
the adding circuit 6. Time stamp information outputted 
from the timing detection circuit 2 is fed to the adding 
circuit 6. Dummy packets outputted from a dummy pack- 
et generator 80 are fed to the adding circuit 6. Video 
packets, audio packets, system packets, and dummy 
packets are fed to the adding circuit 6 one by one on a 
time division basis which corresponds to a sequence de- 
termined by given rules. 

It is now assumed that as shown in Fig. 2, the input 
MPEG2 transport stream has a sequence of packets S1 , 
A1, V1, V2, V3, A2, As previously explained, audio 
packets and system packets are doubled by the opera- 
tion of the MPG system decoder 1 and the audio/system 
buffer 5. Then, video packets, the doubled audio pack- 
ets, and the doubled system packets are recorded on 
recording-medium tracks "0", "V, "2", ... in a sequence 
as shown in Fig. 10. In Fig. 10, "D" denotes a dummy 
packet. 

As shown in Fig. 10 : preselected places or all places 
of every track are occupied by 4 recorded packets. In 
Fig. 10, tracks are separated into groups each having 6 
successive tracks. Accordingly, the track groups have a 
period of 6 tracks. In each track group : 5 former tracks 
hold audio packets, video packets, and a system packet 
while a last track holds the audio packets and the system 
packet. Thus, audio packets and system packets are re- 
corded on specified tracks (audio/system tracks) 
spaced by equal intervals of 5 tracks while the audio 
packets, the system packets, and video packets are re- 
corded on other tracks (audio/video/system tracks) be- 
tween the specified tracks. 

As understood from Figs. 2 and 10, audio packets, 
video packets, and a system packet inputted during eve- 
ry 6-track scanning period are recorded on audio/video/ 
system tracks in a sequence which agrees with a packet 
arrival sequence. Also, audio tracks and a system track 
inputted during every 6-track scanning period are re- 
corded on an audio/system track in a sequence which 
agrees with a packet arrival sequence. In each track 
group, places of audio/video/system tracks are sequen- 
tially loaded with a system packet, audio packets, and 
video packets. The control circuit 3 detects a final packet 
among the system packet, the audio packets, and the 
video packets in each track group by counting the 
number of times of the reception of the corresponding 
packet-type information. The control circuit 3 starts to 
periodically output a trigger pulse to the dummy packet 
generator 80 in response to the detection of the final 
packet. Therefore, in this case, places of the audio/vid- 
eo/system tracks, which follow a place recording the fi- 
nal packet among the system packet, the audio packets, 
and the video packets, are loaded with dummy packets. 
In each track group, places of an audio/system track are 
sequentially loaded with a system packet and audio 
packets. The control circuit 3 detects a final packet 
among the system packet and the audio packets in each 
track group by counting the number of times of the re- 



ception of the corresponding packet-type information. 
The control circuit 3 starts to periodically output a trigger 
pulse to the dummy packet generator 80 in response to 
the detection of the final packet. Therefore, in this case 
^ places of the audio/system track, which follow a place 
recording the final packet among the system packet and 
the audio packets, are loaded with dummy packets. 

With reference back to Fig. 9, the adding circuit 6 
adds the time stamp information to the header of each 
io of the video packets, the audio packets, and the system 
packets. The time-stamp-added video, audio, and sys- 
tem packets, and also the dummy packets are outputted 
from the adding circuit 6 to an outer-code generating cir- 
cuit 7 one by one. 
75 Fig. 1 1 shows a reproducing side of the digital-sig- 
nal recording and reproducing system according to the 
second embodiment of this invention. The reproducing 
side in Fig. n is similar to the reproducing side in Fig. 
7 except for design changes indicated later. The repro- 
ve ducing side in Fig. 11 includes an audio/video/system 
buffer (an audio/video/system memory) 45 instead of 
the video/system buffer 34 in Fig. 7. 

Operation of the reproducing side in Fig. 11 can be 
changed among plural different modes including a nor- 
2 $ mal-speed playback mode and a high-speed playback 
mode. During the high-speed playback mode of opera- 
tion of the reproducing side in Fig. 11 , a rotary head as- 
sembly is changed from a normal state so that as shown 
in Fig. 8, audio/system tracks "A" and video/system 
30 tracks "B" spaced by equal intervals of two tracks can 
be fully scanned by a head or heads along longitudinal 
directions of the tracks. 

During the high-speed playback mode of operation 
of the reproducing side in Fig. 11, an error-correction- 
55 resultant signal is outputted from an error correction cir- 
cuit 32 to an audio/system buffer 33, the audio/video/ 
system buffer 45, and a control circuit 35. 

During the high-speed playback mode of operation 
of the reproducing side in Fig. 11, the control circuit 35 
40 detects header information and time stamp information 
in each packet in the output signal of the error correction 
circuit 32. The control circuit 35 generates a pair of a 
first write control signal and a first read control signal, 
and a pair of a second write control signal and a second 
4S read control signal in response to the detected header 
information and the detected time stamp information 
The control circuit 35 outputs the pair of the first write 
control signal and the first read control signal to the au- 
dio/system buffer 33. The control circuit 35 outputs the 
so pair of the second write control signal and the second 
read control signal to the audio/video/system buffer 45. 
Audio packets and system packets in the output signal 
of the error correction circuit 32 which have been repro- 
duced from audio/system tracks are written into the au- 
5S dio/system buffer 33 in response to the first write control 
signal. The audio packets and the system packets are 
read out from the audio/system buffer 33 in response to 
the first read control signal. The control of theaudio/sys- 
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tem buffer 33 by the control circuit 35 is designed so that 
the audio packets and the system packets will be read 
out from the audio/system buffer 33 in a sequence ac- 
corded with the packet arrival sequence retrieved from 
the time stamp information. Audio packets, video pack- £ 
ets, and system packets in the output signal of the error 
correction circuit 32 which have been reproduced from 
scanned audio/video/system tracks are written into the 
audio/video/system buffer 45 in response to the second 
write control signal. The audio packets : the video pack- 
ets, and the system packets are read out from the audio/ 
video/system buffer 45 in response to the second read 
control signal. The control of the audio/video/system 
buffer 45 by the control circuit 35 is designed so that the 
audio packets, the video packets, and the system pack- 
ets will be read out from the audio/video/system buffer 
45 in a sequence accorded with the packet arrival se- 
quence retrieved from the time stamp information. 

During the high-speed playback mode of operation 
of the reproducing side in Fig. 11, the control circuit 35 
generates a selection control signal in response to the 
detected header information and the detected time 
stamp information. The control circuit 35 outputs the se- 
lection control signal to a selection circuit 36. Audio 
packets and system packets read out from the audio/ 
system bufler 33 are fed to the selection circuit 36. Audio 
packets video packets, and system packets read out 
from the audio/video/system buffer 45 are fed to the se- 
lection circuit 36. The selection circuit 36 combines the 
audio packets, the system packets, and the video pack- 
ets into an output MPEG2 transport stream of packets 
in response to the selection control signal. In this case, 
the output MPEG2 transport stream is designed to 
match with high-speed playback. The output MPEG2 
transport stream is transmitted from the selection circuit 
36. 

During the normal-speed playback mode of opera- 
tion of the reproducing side in Fig. 1 1 , an error-correc- 
tion-resultant signal is outputted from the error correc- 
tion circuit 32 to the audio/system buffer 33, the audio/ 
video/system buffer 45, and the control circuit 35. 

During the normal-speed playback mode of opera- 
tion of the reproducing side in Fig. 11 , the control circuit 
35 detects header information and time stamp informa- 
tion in each packet in the output signal of the error cor- 
rection circuit 32. The control circuit 35 generates a pair 
of a first write control signal and a first read control sig- 
nal, and a pair of a second write control signal and a 
second read control signal in response to the detected 
header information and the detected time stamp infor- 
mation. The control circuit 35 outputs the pair of the first 
write control signal and the first read control signal to 
the audio/system buffer 33. The control circuit 35 out- 
puts the pair of the second write control signal and the 
second read control signal to the audioA/ideo/system 
buffer 45. Audio packets and system packets in the out- 
put signal of the error correction circuit 32 which have 
been reproduced from audio/system tracks are written 
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into the audio/system buffer 33 in response to the first 
write control signal. The audio packets and the system 
packets are read out from the audio/system buffer 33 in 
response to the first read control signal. The control of 
the audio/system buffer 33 by the control circuit 35 is 
designed so that the audio packets and the system 
packets will be read out from the audio/system buffer 33 
in a sequence accorded with the packet arrival se- 
quence retrieved from the time stamp information. Audio 
packets, video packets, and system packets in the out- 
put signal of the error correction circuit 32 which have 
been reproduced from audio/video/system tracks are 
written into the audio/video/system buffer 45 in re- 
sponse to the second write control signal. The audio 
packets, the video packets, and the system packets are 
read out from the audio/video/system buffer 45 in re- 
sponse to the second read control signal. The control of 
the audio/video/system buffer 45 by the control circuit 
35 is designed so that the audio packets, the video pack- 
ets, and the system packets will be read out from the 
audio/video/system buffer 45 in a sequence accorded 
with the packet arrival sequence retrieved from the time 
stamp information. 

During the normal-speed playback mode of opera- 
tion of the reproducing side in Fig. 11 , the control circuit 
35 generates a selection control signal in response to 
the detected header information and the detected time 
stamp information. The control circuit 35 outputs the se- 
lection control signal to the selection circuit 36. Audio 
packets and system packets read out from the audio/ 
system buffer 33 are fed to the selection circuit 36. Audio 
packets, video packets, and system packets read out 
from the audio/video/system buffer 45 are fed to the se- 
lection circuit 36. The selection circuit 36 halving the au- 
dio packets and the system packets and arranges the 
audio packets, the system packets, and the video pack- 
ets in an original sequence in response to the selection 
control signal, thereby providing an output MPEG2 
transport stream of packets. In this case, the output 
MPEG2 transport stream is designed to match with nor- 
mal-speed playback. The output MPEG2 transport 
stream is transmitted from the selection circuit 36. 

During the normal-speed playback mode of opera- 
tion of the reproducing side in Fig. 11 , the audio/system 
buffer 33 may be held inactive by the control circuit 35, 
or the selection circuit 36 may be controlled by the con- 
trol circuit 35 so as to continuously select the output sig- 
nal of the audio/video/system buffer 45. In this case, the 
output MPEG2 transport stream is generated from only 
audio packets, video packets, and system packets 
which have been reproduced from audio/video/system 
tracks on the recording medium 42. 

Other Embodiments 

Each of the first and second embodiments may be 
modified in various ways as indicated later. According 
to a first modification, audio packets to be recorded on 
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audio/system tracks are designed exclusive for high- 
speed playback. In this case, the audio packets to be 
recorded on the audio/system tracks are generated by 
decoding audio packets for normal-speed playback and 
then encoding the decoding-resultant data into a high- 
speed playback version. 

According to a second modification, a high-speed 
playback mode of operation of a reproducing side is of 
different types corresponding to different reproduction 
speeds respectively. In this case, different types of data 
in audio packets are prepared by a recording side for 
the high-speed playback types respectively. Data in au- 
dio packets for m-time speed playback is generated by 
thinning out original audio packet data at a rate of 1/m. 
For example, triple-speed playback audio packets A1 
A2, A3, A10, A11, A12, A19, A20, A21, ... are generated 
by removing audio packets A4, A5, A6, A7, A8, A9, A1 3, 
A 14, A15, A16, A17, A18, - from an original sequence 
of audio packets A1, A2, A3, A4, A5, A6, A7, A8, A9, 
A10, A11, A12, A13, A14, A15, A16, A17, A18, A19, 
A20, A21 .... The thinning process is implemented by 
periodically suspending the writing of audio packets into 
the audio/system buffer 5 (see Figs. 1 and 9). 

According to a third modification, during high-speed 
playback mode of operation of a reproducing side, audio 
packets reproduced from audio/system tracks on a re- 
cording medium 10 or 42 (see Fig. 7 or 11) are thinned 
out at a rate depending on the reproduction speed. The 
thinning process is implemented by periodically sus- 
pending the writing of audio packets into the audio/sys- 
tem buffer 33 (see Figs. 7 and 11). For example, during 
m-time speed playback, audio packets are thinned out 
at a rate of 1/m. 

A fourth modification is designed to handle an input 
sequence of packets including audio packets exclusive- 
ly for high-speed playback. In the fourth modification, 
the high-speed playback audio packets are recorded on 
audio/system tracks on a recording medium 10 or 42 
(see Figs. 1 and 7). The fourth modification includes a 
device for discriminating the high-speed playback audio 
packets from other packets. 



Claims 

1 . A method comprising the steps of: 

separating audio packets from an input stream 
of packets including audio packets and video 
packets, the audio packets relating to audio in- 
formation, the video packets relating to video 
information; 

separating the video packets from the input 
stream of packets; 

recording the separated audio packets on first 
tracks among an array of tracks on a recording 
medium, the first tracks being spaced by equal 
intervals corresponding to a given number of 



10 



15 



20 



25 



30 



35 



40 



tracks; 

recording the separated video packets on sec- 
ond tracks among the array of tracks on the re- 
cording medium, the second tracks differing 
from the first tracks; 

scanning the first tracks and reproducing the 
audio packets from the first tracks during high- 
speed playback; and 

generating an output stream of packets in re- 
sponse to the reproduced audio packets during 
the high-speed playback. 



2. A method comprising the steps of: 
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separating audio packets from an input stream 
of packets including audio packets and video 
packets, the audio packets relating to audio in- 
formation, the video packets relating to video 
information; 

recording the separated audio packets on first 
areas of a recording medium; 
recording the input stream of packets including 
the audio packets and the video packets on 
second areas of the recording medium, the sec- 
ond areas alternating with the first areas; 
scanning the second areas and reproducing 
the audio packets and the video packets from 
the second areas during normal-speed play- 
back; 

generating an output stream of packets in re- 
sponse to the audio packets and the video 
packets reproduced from the second areas dur- 
ing the normal-speed playback; 
scanning the first areas and reproducing the 
audio packets from the first areas during high- 
speed playback; and 

generating an output stream of packets in re- 
sponse to the audio packets reproduced from 
the first areas during the high-speed playback. 

A method as recited in claim 2, wherein the audio 
packets recorded on the first areas include audio 
data resulting from thinning out original audio data 
at a rate depending on a reproduction speed pro- 
vided by the high-speed playback. 

A method as recited in claim 2, wherein the audio 
packets recorded on the first areas include audio 
data resulting from decoding original audio packets 
into decoding-resultant audio packets and then en- 
coding the decoding-resultant audio packets into a 
version suited for the high-speed playback. 

A method as recited in claim 1 , wherein the output- 
stream generating step comprises: 

thinning out the reproduced audio packets into 
thinning-resultant audio packets at a rate de- 
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pending on a reproduction speec provided by 
the high-speed playback; and 
generating the output stream of packets in re- 
sponse to the thinning-resultant audio packets 
during the high-speed playback. s 

A recording and reproducing apparatus comprising: 

first means for separating audio packets from 
an input stream of packets including audio io 
packets and video packets, the audio packets 
relating to audio information, the video packets 
relating to video information; 
second means for separating the video packets 
from the input stream of packets; is 
third means for recording the audio packets 
separated by the first means on first tracks 
among an array of tracks on a recording medi- 
um, the first tracks being separated by equal 
intervals corresponding to a given number of 20 
tracks; 

fourth means for recording the video packets 
separated by the second means on second 
tracks among the array of tracks on the record- 
ing medium, the second tracks differing from 2s 
the first tracks; 

fifth means for scanning the first tracks and re- 
producing the audio packets from the first 
tracks during high-speed playback; and 
sixth means for generating an output stream of 30 
packets in response to the audio packets repro- 
duced by the fifth means during the high-speed 
playback. 

A recording and reproducing apparatus comprising: 3S 

first means for separating audio packets from 
an input stream of packets including audio 
packets and video packets, the audio packets 
relating to audio information, the video packets 40 
relating to video information; 
second means for recording the audio packets 
separated by the first means on first areas of a 
recording medium; 

third means for recording the input stream of 45 
packets including the audio packets and the 
video packets on second areas of the recording 
medium, the second areas alternating with the 
first areas; 

fourth means for scanning the second areas 50 
and reproducing the audio packets and the vid- 
eo packets from the second areas during nor- 
mal-speed playback; 

fifth means for generating an output stream of 
packets in response to the audio packets and 55 
the video packets reproduced from the second 
areas by the fourth means during the normal- 
speed playback; 



sixth means for scanning the first areas and re- 
producing the audio packets from the first areas 
during high-speed playback; and 
seventh means for generating an output stream 
of packets in response to the audio packets re- 
produced from the first areas by the sixth 
means during the high-speed playback. 
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